Outflows and the loss of material in starburst galaxies play an important role in the understanding of starburst activity. Although ionized outflows have been observed in many starburst galaxies, molecular outflows were seldom detected in the past. Our research detected sub-kpc to kpc scale molecular outflows in two starburst galaxies, NGC 2146 and NGC 3628, which are similar to the prototype starburst galaxy M82, by using a radio interferometry telescope, Nobeyama Millimeter Array (NMA). Our deep observations show that these molecular outflows have expanding velocities of 40-200 km/s and kinetic energies of 10 54−55 erg. In order to see the effect of molecular outflows on starburst activities, we compare our radio data with Chandra soft X-ray data. Our results show that the mechanism to push molecular outflows is mainly contributed by the shock of the supernova explosion rather than by the thermal expansion of hot gas.
Introduction
Molecular outflows and superbubbles, the early stage of outflows, tell us important information about starburst phenomena in galaxies. These structures are, however, observed in only a few galaxies, so that their characteristics are not well understood yet. So far, only a few molecular outflows and superbubbles in galaxies have been observed with highly accurate interferometry. One famous example is the kpc-scale molecular outflow detected from the typical starburst galaxy M82. The past deep CO(1-0) interferometric observations toward M82 succeeded to image the clear molecular superbubble and outflows [1, 2] , and to directly measure their detailed properties, such as size, velocity, mass, etc.. However, to understand how galaxies lose molecular gas in more depth, we need larger samples. We included two more examples from nearby edge-on starburst galaxies as our case studies, NGC 2146 and NGC 3628, which have similar characteristics as M82.
NGC 2146 is a nearby (17.2 Mpc, 1 ′′ = 80 pc; [3] ), IR luminous (1.2 × 10 11 L ⊙ ; [4] ), edge-on (i = 63 • ; [5] ) starburst galaxy with disturbed appearance and with 100 kpc scale neutral hydrogen tidal tails [6] . These characteristics are very similar to those of prototypical starburst galaxy M82, which shows superbubbles and kiloparsec scale outflows. Thus it is natural to expect that NGC 2146 also have similar structures as seen in M82. There is no clear evidence of molecular bubble or outflow in NGC 2146 due to the lack of deep observation in the past.
NGC 3628 is a nearby (D = 7.7 Mpc; 1 ′′ = 37 pc [3] ), edge-on (i = 87 • [3] ), and IR luminous (log L IR /L ⊙ = 10.25; [4] ) galaxy. Radio observations [7] show that NGC 3628 has a circumnuclear starburst. Data from the Chandra X-ray Observatory (CXO) [8, 9] show that NGC 3628 has an asymmetric plasma bipolar outflow with ∼ 7-10 kpc scale in both north and south parts; optical Hα observations also show that NGC 3628 has a ∼ 10 kpc-scale warm plasma gas outflow [9] . [10] claimed that their CO(1-0) Nobeyama Millimeter Array (NMA) observations detected four expanding molecular superbubbles. However, no molecular outflow has been detected.
Our CO(1-0) NMA observation of NGC 2146 and NGC 3628 first detect sub-kpc to kpc scale molecular outflows and superbubbles. We are going to discuss their properties, their impact on NGC 3628, and their evolution by comparing with the CXO archival data. The data were calibrated using the NRO software package "UVPROC II" and were CLEANed using standard procedures implemented in the NRAO software AIPS. The maps were made with natural weighting with a final synthesized beam size of ∼ 3 ′′ .
Observational and Archival Data
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Soft X-ray Archival Data
The soft X-ray data of NGC 2146 is obtained from our collaborator, Inui, who observed NGC 2146 during 2002 August to December [11] . The target was observed six times, through 2002 August to December, with the Advanced CCD Imaging Spectrometer (ACIS) on board the CXO. The total exposure time is 60 ks in six observations. The soft X-ray data of NGC 3628 is obtained from the CXO archive, based on the original observation by Strickland et al. in 2000 December 2 with 60 ks total exposure time. The diffuse gas images of NGC 3628 have been published in [9] , but the detail properties have not yet been discussed. In order to understand the properties of the diffuse gas, such as density, mass, energy, and pressure, we reprocessed the data, extracted the spectra, and performed model fittings.
We reprocessed the data in order to obtain the plasma properties making use of the same dataanalysis process for both galaxies. 
Results and Discussion
The Properties and Kinematics of Molecular Outflows
The CO(1-0) data traces the molecular gas. Figure 1 and Figure 2 show the integrated intensity map and the velocity map of two starburst galaxies, NGC 2146 and NGC 3628, respectively. The properties of molecular outflows and superbubbles in two starburst galaxies are listed in Table 1 . In both galaxies, we first detected sub-kpc to kpc scale molecular superbubbles or outflows with expanding velocity 40-200 km s −1 . The kinetic energy of molecular superbubbles or outflows is ∼10 54−55 erg, which corresponds to tens of thousands supernova explosions. The mass of molecular superbubbles or outflows is ∼10 7−8 M ⊙ , which corresponds to 1-10% of the total molecular gas in each galaxy. The expanding timescale of ∼10 6−7 yr. Therefore, the mass loss rate through molecular superbubbles or outflows is 4-34 M ⊙ yr −1 . 
The Mechanism to Push Molecular Outflows Outward
The soft X-ray data traces the hot ionized gas. Figure 3 shows the comparison between molecular outflows and hot ionized gas. In NGC 2146 OF1, the ionized gas is embedded inside of the
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In order to realize the mechanism to push molecular outflows outward, we compared the ram pressure that the ionized outflow exerts on molecular outflow with the thermal pressure of ionized outflow. Table 2 lists the ram pressure and the thermal pressure in the two starburst galaxies. The result shows that the ram pressure is several orders higher than the thermal pressure. This indicates that the mechanism to push molecular outflows is mainly contributed by the shock of the supernova explosion rather than by the thermal expansion of hot gas. 
Summary
We first provide the detail study of molecular superbubbles or outflows of two edge-on starburst galaxies, NGC 2146 and NGC 3628. We have used the NMA CO(1-0) observation data and the CXO soft X-ray archival data. From these data, we have two conclusions: (I) The sub-
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